Abstract: The purpose of the present study was to evaluate the effect of common pediatric liquid medicines on surface roughness and tooth structure loss and to evaluate the pH values of these medicines at room and cold temperatures in vitro. Eighty-four bovine enamel blocks were divided into seven groups (n = 12): G1-Alivium
Introduction
Medicines in liquid form are widely used for children because they facilitate intake. 1, 2, 3 However, some of the inactive agents used in pediatric liquid medications can cause damage to dental tissues because of their low pH. 3 Some medicines have acid in their compositions in order to preserve their chemical stability and control their tonicity. 4 Certain properties of acidic products in general may be related to the loss of surface structure of dental enamel: low endogenous pH, high titratable acidity, and minimal quantities of minerals such as calcium or phosphate, in their compositions. 3, 5, 6, 7, 8 Acidic medications may cause dental erosion with loss of dental tissue. 1, 4 Besides the presence of acids in some children's medications, other factors may also be related to changes in the surface morphology of dental enamel: high frequency of medication intake, bedtime consumption, high viscosity, and reduction in salivary flow.
3,5
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Ma ny oral liquid medici nes a re usually recommended for sick children for long periods, and in cases of chronic diseases, they are administered daily. In vitro studies have shown that an acidic medication may reduce enamel hardness, 9,10,11 but, to the best of our knowledge, the influence of pediatric oral liquid medicines on enamel topography has not been studied yet. For this reason, the purpose of this in vitro study was to evaluate the effect of common pediatric liquid medicines on surface roughness and tooth structure loss and to evaluate the pH values of these medicines at room and cold temperatures.
Methodology Pediatric medicines and pH analysis
The pediatric medicines used in this study were two analgesics -Alivium ® (Mantecorp, São Paulo, Brazil) and Novalgina ® (Sanofi-Aventis, Paris, France); two antibiotics -Betamox ® (Atral, Castanheira do Ribatejo, Portugal) and Clavulin ® (GlaxoSmithKline, Brentford, United Kingdom); and two antihistamines -Claritin ® (Schering-Plough, USA) and Polaramine ® (Mantecorp, São Paulo, Brazil) ( Table 1) .
The pH values of the selected medicines at cold and room temperatures were determined using a pH meter (Orion 261S, Thermo Fisher Scientific Inc., Waltham, USA). After equipment calibration, three samples of each pediatric medicine were analyzed with pH electrodes. The average of the three measurements was used as the pH value (Table 1) .
Specimen preparation
Sound bovine incisor crowns were cut using a water-cooled diamond saw (Bühler, Uzwil, Switzerland) to obtain enamel blocks (4 x 4 x 2 mm). These blocks were fixed with wax in an acrylic device to polish the enamel surface: 600-and 1200-grit silicon carbide papers (Extec Corp., Enfield, USA), followed by a 1-µm diamond abrasive slurry (Extec Corp., Enfield, USA) and washed ultrasonically in Milli-Q water (Merck Millipore, Darmstadt, Germany). Baseline surface microhardness (SMH) was measured using a microhardness tester (HVS-1000, Time Group Inc., Beijing, China) with a Knoop diamond under a 50-g load for 5 s, and five indentations spaced 100 µm from each other were made at the center of the enamel surface to select the sample. A total of 84 blocks (mean 341.59 ± 34.15 kg/mm 2 ) were selected for the present study and randomly divided into seven groups (n = 12): G1 = Alivium An acid-resistant nail varnish was used to divide the enamel surface into two distinct areas: 1) a sound window (unexposed area) -the right side of the enamel surface was covered with acid-resistant nail varnish (self-positive control); and 2) an experimental window (exposed area) -the left side was not covered.
Experimental protocols
Twelve blocks from each group were immersed in pediatric liquid medicines three times a day for 5 min (15 mL per block) for 7 days. After treatment, the specimens were rinsed with deionized water (5 s) and transferred into artificial saliva. All pediatric medicines were stored at 7°C, but removed 5 min before the treatment period. After block immersion, they were returned to the refrigerator until new treatment. Two artificial saliva solutions were prepared to simulate the oral environment and the pH changes that occur during the day, according to Queiroz et al., 12 with some modifications. The first solution consisted of 0.05 mol/L acetate buffer, 1.28 mmol/L Ca, 0.74 mmol/L P, and 0.03 µg F/mL with pH 5.0 for 2 h (50 mL per block); and the second one contained 0.1 mol/L Tris buffer, 1.5 mmol/L Ca, 0.9 mmol/L P, 150 mmol/L KCl, and 0.05 µg F/mL with pH 7.0 for 22 h (25 mL per block).
The experimental protocol consisted of three periods of immersion in pediatric medicines and four periods in artificial saliva per day: 1 st period -5 min in pediatric medicines; 2 nd period -6 h in artificial saliva (pH 7.0); 3 rd period -2 h in artificial saliva (pH 5.0); 4 th period -5 min in pediatric medicines; 5 th period -8 h in artificial saliva (pH 7.0); 6 th period -5 min in pediatric medicines; and 7
th period -8 h in artificial saliva (pH 7.0). The experiment was carried out at 37ºC. On the 4 th day, the artificial saliva solutions were replaced with fresh ones in order to avoid oversaturation.
3D non-contact profilometry
The surface topography of the specimens was analyzed by a 3D profilometer (Nanovea PS50 Optical, NANOVEA Inc., Irvine, USA). The measurements of capture were performed with a chromatic confocal sensor with a white light axial source at a scan velocity of 2 mm/s and with a refractive index of 10,000.
3D non-contact profilometry was used to determine the primary outcome: tooth structure loss, i.e., the gap between the experimental and control areas (Gap) in each group; and the secondary outcome: surface roughness -linear surface roughness (Ra) and volumetric surface roughness (Sa). All comparisons between the exposed and unexposed areas of enamel were performed after the removal of the acid-resistant nail varnish.
The Gap was calculated from the step height difference between the unexposed and exposed enamel surfaces in each block; three linear measurements were made involving the unexposed and exposed areas. All measurements were done in triplicate, and the mean values were used to represent the final result of the surface profile.
To determine Ra, three linear measurements (one vertical, one horizontal and one transversal) were performed in each area (experimental window or sound window) of the enamel specimen. The average of these three linear measurements was used to determine Ra1 (surface linear roughness in the sound window) and Ra2 (surface linear roughness in the experimental window), and the Ra value for all groups was calculated as Ra = Ra1 -Ra2.
Also, three scan areas (200 µm × 200 µm) were obtained for each block in the sound and experimental window. The average of these three areas was used to determine Sa1 (surface roughness in the sound window) and Sa2 (surface roughness in the experimental window); and the Sa value for all groups was calculated as Sa = Sa1 -Sa2.
Scanning Electron Microscopy (SEM) and Energy Dispersive Spectrometry (EDS)
Three enamel blocks from each group were randomly selected and prepared for EDS and SEM under a scanning electron microscope (6460LV, JEOL, Tokyo, Japan). The blocks were mounted onto stubs with double-faced carbon tape and analyzed by EDS. EDS was performed to assess the mineral content of the enamel, identifying the chemical elements on its surface before and after the experimental protocol. Therefore, it was possible to compare the chemical elements found in treated (exposed) and untreated (unexposed) areas. This analysis was performed with a Kontron automatic image analyzer system, and the total area of the block was evaluated. The results were represented by the mean of the measured values.
After EDS, the samples were covered with a 30 µm gold layer and SEM was performed to assess the topography of the enamel surface. The specimens were examined under the same scanning electron microscope at 20 kV in low vacuum mode (45 Pa) and the backscattered electrons (BSE) were analyzed. Initially, the specimens were analyzed under a panoramic view (500X) to observe the interface between the windows (sound and experimental); photomicrographs of the most representative areas of each group were obtained at 1000X and 5000X magnification to observe any changes in more detail.
Statistical analysis
The normal distribution of the data was checked for all tested variables, using the Shapiro Wilk test. A Student's paired t-test was used to compare Ra1 and Ra2 and Sa1 and Sa2. Differences in Ra and Sa among all treatment groups were tested with the Kruskal-Wallis test, followed by the Mann-Whitney test. One-way analysis of variance (one-way ANOVA), followed by a post-hoc test (Tukey's test), was used for Gap analysis. The SPSS software version 22.0 (IBM, Armonk, USA) was used for the statistical analysis. The significance level was set at 5%. Table 1 shows the pH values of pediatric liquid medicines at room and cold temperatures. The pH values of pediatric medicines at room temperature were lower than at cold temperature. G1 and G5 presented the lowest pH values.
Results
The results of 3D non-contact profilometry are summarized in Table 2 with mean Ra, Sa, and Gap for all groups. All pediatric medicines produced a significant alteration in surface roughness (Ra and Sa) values after 7 days (p < 0.05). These alterations were evidenced when the images of the sound and experimental areas were compared (Figure 1) .
The group treated with Claritin ® presented the worst Ra and Sa values, being statistically different from the negative control (p < 0.05). Clavulin ® , Betamox ® , and Alivium ® also showed statistical differences in Ra value when compared with the negative control (p < 0.05) ( Table 2) . Claritin ® and Clavulin ® showed the worst alteration in surface roughness (Sa value) when compared with the negative control (p < 0.05) ( Table 2) .
When differences in Gap values were evaluated between the groups, only Claritin ® presented a statistically significant tooth structure loss when compared with the negative control (p < 0.05), but there was a similar trend among Claritin ® , Clavulin ® , Polaramine ® , and Alivium ® since there was no statistical difference between them (p > 0.05). (Table 2 ). Figure 1 shows only a change in surface roughness in some groups (Novalgina ® , Polaramine ® and Milli-Q water), while in others, such as Claritin ® , the loss of tooth structure was evident in the exposed area. The same can be observed in the images obtained by SEM (Figure 2 ). The images of the negative control showed few signs of alteration; on the other hand, Claritin ® produced the worst alterations in enamel topography, causing loss of enamel structure (e.g., erosion).
The images of G1, G3, G4 and G5 showed that the enamel surfaces appeared to be more porous than the images of groups G2, G6 and G7.
The chemical analysis, made with EDS, revealed the presence of carbon, oxygen, sodium, phosphorus, calcium, chlorine, and aluminum. Exposed and unexposed areas retained high rates of carbon, oxygen, phosphorus, and calcium. In addition, it was possible to observe that calcium and phosphorus concentrations increased in exposed areas in all groups except for the group treated with Polaramine ® . The other elements had almost the same rates when compared to the unexposed and exposed areas (Table 3) . Table 2 . Median (minimum/maximum value -μm) of surface roughness (Ra and Sa) and Media (μm) of Gap ± standard deviation between the unexposed and exposed enamel surface of enamel specimen groups. 
Discussion
It is widely known that acidic medicines have certain characteristics, such as low pH, with the potential to produce alterations in the topography of enamel surface. 3, 4, 8, 13 Many of these medicines, such as antibiotics and antihistamines, are usually used to treat children for long periods. 9 So, acidic medicines likely promote surface degradation of the tooth and increase dental roughness. Other pediatric medicines (e.g., analgesics) are largely used for children, and even though they are used for short periods, it is also important to evaluate them once they could potentially cause surface alterations. Then, it is important to evaluate the effects of all these medicines chronically or usually used by children, on the topography of dental enamel surface.
For this reason, our selection of medicines was based on previous results 8,9,10,11,14 as well as on prescriptions for children.
Our study is the first in the searched literature that evaluated changes in surface enamel topography with regard to linear (Ra) and volumetric roughness (Sa) and between unexposed and exposed enamel surfaces (Gap). The primary outcome of the present study was the Gap formed between unexposed and exposed enamel surface areas. This parameter was very important to measure the magnitude of tooth structure loss in a direct comparison between unexposed and exposed areas. However, the Ra and Sa parameters were of great importance to determine the topographic alterations in each area. 9 demonstrated that the group treated with Claritin D ® had significantly lower enamel hardness.
The use of a 3D non-contact profilometer was very advantageous because it does not produce grooves on the surface of the samples and is more sensitive and specific than a roughness tester. 15, 16, 17 Non-contact surface profilometry allowed for quantification of tooth depth and its measurements can be compared to those of transverse microradiography (gold standard) for the quantification of enamel changes in vitro. 18 No previous investigations had evaluated the action of pediatric medicines on roughness and tooth structure loss using 3D non-contact profilometry.
Salivary buffering and changes in oral pH are complex, 19, 20, 21 and many concomitant factors can influence the potential of substances to promote changes in tooth topography, such as endogenous pH lower than 5.5, flow and salivary buffering, and higher titratable acidity. 3, 6, 8, 11, 19, 21 Nevertheless, the evaluation of these factors alone cannot determine whether a drug does have such potential.
6,20
Previous studies 1, 4, 8, 11, 14, 22 evaluated various types of medications, taking into consideration their chemical components, pH, or titratable acidity. Some authors observed that Claritin ® had low endogenous pH, between 2.1 and 2.8, 8, 22 and that Polaramine ® presented the highest pH value (6.0).
1 Tests using models that may mimic oral conditions are required to evaluate the real action of drugs on tooth structure. 23 In the literature, there are few studies that test the action of pediatric medicines on teeth under conditions that mimic the oral cavity. 9, 10, 19 In our study, we observed that the pH values of pediatric medicines at room temperature were lower than at cold temperature, and that Claritin ® and Alivium ® presented the lowest pH values. We found a difference between pH values at room and cold temperatures. Since antibiotics could only be used at cold temperatures, the same conditions were utilized for all products. All the pediatric medicines were stored at 7°C between treatments and were only removed 5 min before block immersion.
The EDS revealed high rates of carbon, oxygen, phosphorus, and calcium elements in both (exposed and unexposed) areas. However, calcium and phosphorus levels were higher in unexposed than in exposed areas only for the blocks treated with Polaramine ® . The drug composition itself can interfere with these results; however, this was not evaluated in the present study. The authors suggest that other studies be conducted in order to investigate the composition of these products for a better understanding of the interaction between the ion concentration of the medicines and tooth structure.
In our study, we used two different types of artificial saliva to mimic the change in pH in the oral cavity. Nonetheless, the results of this in vitro study concerning the effects of liquid pediatric medicines cannot be used for clinical recommendations. Despite the use of pH cycling with dental elements, in vitro models do not allow properly mimicking all of the events that occur in the oral cavity. 21, 22, 23 
